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Background: The increasing rate of shoulder pain and injury in the US military can cause an 
impact on a soldier’s ability to pass their fitness tests, affect their overall combat readiness, and 
lead to an increasing amount spent on medical treatment. Recently, the US Army changed their 
physical fitness test to the Army Combat Fitness Test (ACFT) which is a more full body, 
functional, and fatiguing test.1 Fatigue of the shoulder and scapular musculature has been 
reported to lead to alterations in scapular kinematics. Alterations to normal scapular kinematics 
have been connected to shoulder pain/injuries.2 
Purpose: The purpose of this study was to explore the relationship between scapular dyskinesis 
and ROTC Cadets scores on three exercises of the ACFT (leg tuck, power throw, and T-
pushups). The hypothesis was that ROTC cadets with scapular dyskinesis will score lower on the 
standing power throw, two minutes T-pushups, and the hanging leg tucks.    
Methods: Fourteen Army ROTC cadets (172.6 ± 10 cm, 77.1 ± 11.7 Kg, 5 females, 9 males) 
participated in the research study. Participants completed patient-reported outcome forms prior to 
testing. Cadets performed 30 repetitions of weighted shoulder motion in the frontal plane. 
Shoulder musculature strength measurements were recorded prior to and immediately after the 
fatigue protocol using a handheld dynamometry. The scapular dyskinesis test was performed 
prior to and during the last five repetitions of the fatiguing protocol. During the school year the 
Cadets were then tested on the Army Combat Fitness Test during their PT sessions with ROTC. 
Results: Prior to the fatigue protocol two out of fourteen were categorized with scapular 
dyskinesis on the right and left sides. Following the fatigue protocol seven out of fourteen (p = 
0.008) Cadets were categorized with right side scapular dyskinesis and five out of fourteen (p = 
0.008) were categorized with left side scapular dyskinesis. Participants graded with scapular 
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dyskinesis on the left side following the fatigue protocol demonstrated lower muscle strength for 
the external rotation (p = 0.029), internal rotation (p = 0.026), abduction (p = 0.021), serratus 
anterior (p = 0.37), lower trapezius (p = 0.24), and middle trapezius (p = 0.028). No significant 
strength differences were found on the right side. The ACFT scores in the total of three upper 
extremity components (standing power throw, T-pushups, and hanging leg tucks) while not 
statistically significant were lower in the participants with scapular dyskinesis (right = 190.60 ± 
36.3; left = 182.50 ± 36.4) than in those with normal scapular kinematics (right = 237.33 ± 61.4; 
left = 235.29 ± 56.4).  
Conclusions and Practical Relevance: Repeated shoulder motion caused an increase in the 
amount of scapular dyskinesis in Army ROTC Cadets. Those who produced scapular dyskinesis 
in a fatigued state tended to show lower scores on the upper extremity components of the ACFT 
than those who did not produce scapular dyskinesis. The results may suggest a link between 
scapular dyskinesis, strength of the shoulder and scapular muscles, and upper extremity function. 
Improving the strength of the musculature might decrease the fatiguing effects of repeated 
shoulder motion leading to overall improvement in upper extremity function, in turn resulting in 





 Today, shoulder pain has become a common complaint in society, and it has been found 
that up to 40% of the general population suffers from shoulder pain.3,4 In the military, only 
around 23% of the population suffers from an injury to the shoulder.5 In Reserve Officers’ 
Training Corps (ROTC) Cadets, the shoulder (12.1%) was the third most common location for 
injured joint following the knee (19.5%) and ankle (15.7%).6 Abt et al5 found that 25% of the 
shoulder injuries that military personnel sustain could have been preventable. While these 
percentages are smaller than the general population, the number of shoulder injuries sustained is 
becoming a concern in the military. Being injured can impact a soldier’s ability to pass their 
fitness test, affect their combat readiness, delay troop deployment, and lead to increasing cost to 
prepare soldiers.  
 Between 2009-2011 the total direct cost for musculoskeletal injuries in the United States 
was around $176 billion.7 In 2000, the total cost for treating shoulder dysfunction in the US was 
around $7 billion.8 In 2016, musculoskeletal injuries cost the US Army over $200 million 
annually with nearly $9 million being spent on shoulder injuries.9 In the military non-combat 
injuries are the leading threat to a soldier’s health and combat readiness. Musculoskeletal injuries 
account for nearly 60% of soldiers limited duty days and 65% of medically non-deployable 
active soldiers. Molloy et al.10 found that as of 2015, the total cost to access and train a recruit 
was around $75,000 and that over six years, a total of 1,177 recruits dropped out in their first 
year due to musculoskeletal injuries costing the US Army approximately $88 million over those 
years. The need to prevent these injuries from occurring—especially in the first year—is vital to 
maintain attrition numbers and decrease financial costs. Bullock et al.11 stated that physical 
2 
 
training was the most severe health problem in the United States Army due to injuries sustained 
there. However, physical training also has the greatest possibility for preventative measures to 
work. 
The increasing occurrence of shoulder injuries in military personnel demonstrates the 
need for an improved understanding of the mechanisms leading to these injuries' development. It 
is important to assess scapular motion and its relationship to shoulder injuries. Scapular 
dyskinesis, an observable difference in scapular motion, has been reported in patients with 
subacromial impingement syndrome, glenohumeral instability, rotator cuff pathologies, and 
labral lesions/tears.2,3,12 Another factor associated with changes in scapular motion is muscular 
fatigue of the shoulder, which causes a decrease in overall muscular strength.13 If changes in 
scapular motion occur with decreased strength, this can lead to shoulder dysfunctions, creating 
greater disability. Some of the alterations that have been connected to scapular dyskinesis and 
shoulder dysfunctions are a decrease in upward rotation with an increase in internal rotation or a 
decrease in a posterior tilt, upward rotation, and external rotation.14-16 Additional research is 
needed to understand better the effects scapular dyskinesis has on the development of shoulder 
dysfunctions and shoulder disability, especially in military personnel. 
           The US Army updated its fitness test from the Army Physical Fitness Test (APFT) to the 
Army Combat Fitness Test (ACFT). The ACFT consists of six events: three repetition-maximum 
deadlifts, standing power throw, two minutes T-pushups, sprint-drag-carry, hanging leg tucks, 
and a timed two-mile run. The APFT was not a good measure for combat readiness.1 When the 
Army created the ACFT, they wanted exercises geared more towards military personnel 
activities during combat. With the addition of the standing power throw, T-pushups, and hanging 
leg tucks to the test, the Army gets a better assessment of upper extremity function. The standing 
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power throw provides a functional task like throwing equipment over an obstacle and lifting 
soldiers. The T-pushups help move obstacles, push a disabled vehicle, get to and from the ground 
during evasion, and reach out from the prone position when shooting or crawling. The last test is 
hanging leg tucks, which help surmount obstacles. 
To obtain a more thorough assessment of upper extremity function, the standing power 
throw, T-pushups, and hanging leg tucks were created to measure different combat functional 
components. The standing power throw measures total body explosive power, whereas the T-
pushups and hanging leg tucks measure muscular endurance and stability/control. Muscular 
power, muscular endurance, and joint (movement) stability/control are vital in military personnel 
to perform their duties while in combat. It is equally important to ensure their physical training 
(PT) and fitness test have truly prepared them to be combat-ready. 
 This study has not found any research that investigated how scapular dyskinesis impacts 
performance on the ACFT and its connection to overall shoulder function. Scapular dyskinesis 
has been associated with shoulder injuries, shoulder pain, subacromial impingement syndrome, 
glenohumeral instability, rotator cuff pathologies, and labral lesions/tears.2,3,12 The association 
between scapular dyskinesis and the ACFT has not been explored. Scapular dyskinesis in the 
military population could not only be a contributing factor in the development of shoulder 
dysfunctions/injuries, but it could delay or even prevent deployment.  
Research Questions 
 Will ROTC Cadets with scapular dyskinesis score lower on the three exercises (standing 
power throw, T-pushups, and hanging leg tucks) from the ACFT compared to those who do not 




 Ho: ROTC Cadets with scapular dyskinesis will have equal scores on the ACFT as 
ROTC cadets without scapular dyskinesis.  
Alternative Hypothesis  
HA: ROTC Cadets with scapular dyskinesis will score lower on the standing power 


















CHAPTER 2  
LITERATURE REVIEW 
Introduction  
Military personnel suffer from musculoskeletal injuries from the high loads of stress 
applied to their bodies, whether from training or combat. Injuries sustained to military personnel 
are the leading cause of their hospitalizations or outpatient visits.11 One of the most prevalent 
areas in the body where military members sustain an injury is in the shoulder, with 23.1% from 
all reported injuries.5 A group from John Hopkins Center for Injury Research and Policy and the 
U.S. Army Center for Health Promotion and Preventive Medicine (USACHPPM) found that 
physical training was one of the leading causes of military injuries. The group also found that 
preventative measures to avoid injuries could have the best effect during the physical training 
stage.11 To help prevent shoulder injuries in the military population, it is important to understand 
what factors lead to injuries. A contributing factor to shoulder injuries could be scapular 
dyskinesis, which alters scapular kinematics.17 While it is still debated amongst researchers, 
these alterations in normal scapular motion could put the shoulder at an increased risk of injuries 
or impact the shoulder function. 
In 1980 the United States created a fitness assessment called the Army Physical Fitness 
Test (APFT). The APFT test involved two minutes of push-ups, two minutes of sit-ups, and a 
timed 2-mile run. However, as the APFT was not a good measurement for combat readiness, the 
Army created a new fitness test called the Army Combat Fitness Test (ACFT) that tests the 
person's overall ability to be combat-ready. This new test replaced the APFT in October 2020 
and consists of six events; three repetition-maximum deadlifts, standing power throw, two 
minutes T-pushups, sprint-drag-carry, leg tucks, and a timed two-mile run.1 The Army created 
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this new test to get their soldiers more combat-ready. The new exercises involved in the ACFT 
mimic actions of a soldier in the field. Actions like dragging a soldier to cover, climbing up a 
wall, pushing oneself up, or lifting heavy loads. 
  The purpose of this study is to explore the relationship between scapular dyskinesis and 
an ROTC Cadet’s ACFT score. The current study hypothesized that ROTC Cadets with scapular 
dyskinesis would have lower scores on the ACFT. This chapter will review shoulder anatomy, 
shoulder kinematics, scapular dyskinesis, shoulder dysfunction, the clinical tests for scapular 
dyskinesis, and the PENN and QDASH scores, which are the upper extremity exercises on the 
ACFT. 
Anatomy of Shoulder 
 The shoulder girdle is formed by four bones: the sternum, clavicle, humerus, and 
scapula. The scapula is a thin triangular structure that is connected to the axial skeleton by way 
of the clavicle. On the medial border of the scapula, there are the inferior and superior angles. 
The posterior surface has the scapular spine that divides the scapula into the infraspinatus and the 
supraspinous fossae. The acromion process is found on the lateral end of the scapular spine; this 
is what connects the scapula to the clavicle forming the acromioclavicular joint. Inferior and 
anterior to the acromion process is the coracoid process. Finally, below the acromion process is 
the glenoid fossa, which articulates with the humeral head forming the glenohumeral joint.18 It is 
important to understand where these structures of the scapula are when testing for scapular 
dyskinesis. 
 Three muscle groups attach to the scapula. The first group includes the rhomboids, 
levator scapulae, serratus anterior, and the trapezius muscles. This group of muscles is overall 
responsible for the stabilization of the scapula.17 The rhomboids are the muscles responsible for 
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retraction of the scapula and are inserted on the scapula's medial border. The rhomboids and 
levator scapulae muscles are inserted on the medial angle and are also involved in the scapula's 
elevation and downward rotation. The serratus anterior has two insertion points. The upper fibers 
attach to the scapula's superior angle and cause scapular elevation. The lower fibers attach to the 
inferior angle and cause scapular depression. The overall action of the serratus anterior is upward 
rotation and protraction of the scapula. The trapezius muscle has three segments: the upper, 
middle, and lower. The upper trapezius muscle inserts on the clavicle's distal end, acromion 
process, and the scapular spine. This part of the trapezius causes scapular elevation, upward 
rotation, rotation, and cervical spine extension. The middle segment of the trapezius muscle 
inserts on the acromion process and the spine of the scapula and causes scapular retraction. The 
lower segment inserts on the scapular spine and causes depression, upward rotation, and scapula 
retraction. It is also responsible for external rotation and posterior tipping of the scapula.18 For 
correct shoulder and scapular kinematics to occur, these muscles need to work properly on the 
scapula. When these muscles are not doing their job effectively, altered scapular kinematics 
appear. 
The other two groups are the extrinsic group and the intrinsic group. The muscles in the 
extrinsic group are the deltoid, biceps, and triceps.17 The deltoids' primary action is shoulder 
abduction. The biceps action is glenohumeral flexion, and the triceps action is glenohumeral 
extension.18 The intrinsic (rotator cuff) muscles are the subscapularis, supraspinatus, 
infraspinatus, and teres minor.17 These muscles' action is as follows: subscapularis internally 
rotates the humerus, supraspinatus abducts and externally rotates the humerus, and finally, 
infraspinatus and teres minor externally rotates and assists in horizontal abduction.18 While these 
muscles are not involved in the scapula's stabilization or movement, it is still important to 
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understand what actions they are involved with, especially when looking at overall shoulder 
movements. 
Overall, the muscles involved in scapula stabilization- rhomboids, levator scapulae, 
serratus anterior, and trapezius- are important because if the muscles are not working properly 
then alterations to scapular kinematics can occur. These alterations could lead to a dysfunctional 
shoulder and put the subject at an increased risk of sustaining a shoulder injury. While the 
intrinsic and extrinsic muscle groups do not work on the scapula, they are still important to 
perform daily activities and shoulder actions. If these are not working effectively, then it could 
also put the shoulder at an increased risk of sustaining a shoulder-related injury. 
Scapular Kinematics 
 The ability for a person to raise their arm above their head comes from the combined 
movement of the sternoclavicular (SC), acromioclavicular (AC), scapulothoracic (ST), and 
glenohumeral (GH) joints.19 For optimal shoulder movement to occur, the scapula and the 
humerus must move together.20 The ratio between glenohumeral elevation and upward scapular 
rotation was found to be 2:1, respectively.17,21,22 When the humerus moves, the scapula moves in 
three planes; the sagittal plane for anterior/posterior tilt, the scapular plane for upward/downward 
rotation, and the transverse plane for internal/external rotation.23,24 
Numerous studies have reported degrees of rotation and tilt that the scapula has through 
arm elevation.20,22-25 The first two studies 20,23 looked at scapular motion at selected intervals. 
Ludewig et al.23  had their subjects perform shoulder elevation in the scapular plane, collected 
data at 0°, 90°, and 140° mark, and compared the results across the degrees of motion. The 
results showed that at the end of the motion (140°) the scapula’s upward rotation and posterior 
tilt increased by 34° and 15° respectively compared to rest (0°). The scapula’s internal rotation 
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decreased by 13° as degrees of motion increased.23 Borsa et al.20 looked at scapular motion at 
selected intervals, too. However, this study looked specifically at upward rotation and took 
collected data at 0°, 30°, 60°, 90°, and 120° of motion. They also had their subjects perform both 
shoulder elevation in the scapular and sagittal plane. Their results showed that the scapula starts 
with a downward rotation from 0°-30° of motion in both planes. Once past 30°, it was found that 
the scapula would then upwardly rotate.20 Both these studies have shown that moving through 
shoulder elevation in the scapular and sagittal plane causes an increase in upward rotation of the 
scapula. 
The last three studies 22,24,25 measured the motion of the scapula in different planes. 
McClure et al.22 also measured the dynamic motion of the scapula during scapular plane 
elevation.  Their results showed the scapula upwardly rotated 50°, posteriorly tilted 30°, and 
externally rotated 24°.22 Yano et al.24 measured the dynamic motion of the scapula during 
elevation in the scapular plane. To measure the degrees of motion, they used a three-dimensional 
motion analyzer. Their results showed that the scapula upwardly rotated 36°, internally rotated 
about 37°, and posteriorly tilted about 39°. This study also found that there were two different 
scapulohumeral rhythms, Glenohumeral (GH) motion, and Scapulothoracic (ST) motion. The 
subjects who were in the GH group had a greater ratio of GH motion compared to ST. In 
contrast, the subjects in the ST group had a greater ratio of ST motion over GH. It was 
discovered that when the subjects who were in the GH group-initiated movement, the scapula 
would rotate downward before upwardly rotating. This was different from the ST group where 
their scapulae would start with upward rotation. They also found that the upward rotation angle 
was greater in the ST group than in the GH.24 These results are close to what Borsa20 discussed. 
However, this study addressed a trend concerning a specific group of people who had more GH 
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motion than ST motion.24 Whereas Borsa20 looked specifically at what degree of motion the 
downward and upward rotations began.20  
Bourne et al.25 looked at and measured dynamic scapular motion (rotation/tilt) in four 
different functional motions; GH abduction, forward-reaching, horizontal adduction, and hand 
behind the back. For GH abduction, they found that the scapula upwardly rotated 49°, externally 
rotated 27°, and posteriorly tilted 44°. During forward-reaching, the scapula upwardly rotated 
17°, internally rotated 18°, and posteriorly tilted 5°. For the horizontal adduction test, the scapula 
upwardly rotated 5°, internally rotated 27°, and anteriorly tilted 8°. Lastly, the hands behind the 
back test found that most of the motions did not exceed 15°.25 All of these studies looked 
specifically at uninjured individuals with no pain or shoulder dysfunction present. However, 
subjects who have alterations in the normal scapular kinematics should also be studied, as this 
can lead to shoulder dysfunctions. 
Scapular Dyskinesis and Shoulder Dysfunction  
Any changes to the biomechanical interactions around the shoulder can cause alterations 
to scapular kinematics.2 Scapular dyskinesis is the result of these alterations.17 Multiple causes 
can lead to scapular dyskinesis, including neuropathic, bony, and soft tissue changes. These 
changes can cause an increased risk of developing a shoulder dysfunction.2 Some of the 
dysfunctions that have been connected to scapular dyskinesis are shoulder pain, impingement 
syndrome, glenohumeral instability, rotator cuff pathologies, and labral tears.3,12 However, the 
connection between scapular dyskinesis and shoulder dysfunction is still being debated. There 
are mixed results on whether it is the cause or the result of shoulder dysfunction.26 The kinematic 
alterations that have been associated with these dysfunctions are decreased upward rotation and 
an increase in internal rotation. Other studies have shown a decrease in posterior tilt, a decrease 
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in upward rotation, and a decrease in external rotation.14-16 Scapular dyskinesis has also been 
associated with scapular protraction and decreased strength for abduction and external rotation.2 
It is important to understand these alterations and their connection to the following shoulder 
dysfunction. 
Shoulder Pain 
One of today’s most common musculoskeletal complaints is shoulder pain, with nearly 
40% of the population experiencing it. Almost 21% of those have an associated musculoskeletal 
disorder.3,4 Multiple studies have been done looking at the connection between alterations in 
scapular kinematics and their connection to shoulder pain.27,28 Hickey et al.27 preformed a 
systematic review with meta-analysis over prospective studies to determine if those who have 
scapular dyskinesis were at an increased risk of developing shoulder pain. They found that 35% 
of participants with scapular dyskinesis developed shoulder pain later, whereas only 25% of the 
participants who did not have scapular dyskinesis developed shoulder pain later. The overall 
results found that having scapular dyskinesis increased a person’s risk of developing shoulder 
pain by 43%.27 
Rossi et al.28 study divided participants into four groups: participants with shoulder pain 
and scapular dyskinesis, participants with shoulder pain but without scapular dyskinesis, 
participants without shoulder pain but with scapular dyskinesis, and participants without 
shoulder pain or scapular dyskinesis. They evaluated their scapular kinematics for each group 
through arm elevation and lower in the sagittal plane utilizing a principle component analysis. 
During arm elevation, they found that those who had no pain but did have scapular dyskinesis 
had a greater anterior tilt at the end of the motion than compared to the beginning. Compared to 
the end, the groups who did not have scapular dyskinesis- with or without pain- had more 
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anterior tilt at the beginning of the motion. They also found that the group with no pain but had 
scapular dyskinesis had a smaller range of anterior tilt than those who did not have scapular 
dyskinesis. During arm lowering, they found that the group who had pain and scapular 
dyskinesis had a greater anterior tilt at the end of the motion than during the beginning. Also, 
during arm lowering, the group who did not have pain but had scapular dyskinesis had more 
anterior tilt at the beginning compared to the end. Lastly, it was found that the group with both 
pain and scapular dyskinesis had a greater range of anterior tilt than the group who did not have 
pain but had scapular dyskinesis.28 The results show that there is a difference in the kinematics of 
people who have and do not have pain. These differences are what could lead to developing 
other shoulder dysfunctions like shoulder impingement. 
Subacromial Impingement Syndrome  
Shoulder impingement is the compression and abrasion of the rotator cuff muscles as 
they move under the coracoacromial arch during arm elevation.15,29 There are multiple theories 
about why people develop impingement, such as abnormalities of the coracoacromial arch or 
humeral head, degeneration of the rotator cuff tendons, or even alterations to shoulder/scapular 
kinematics.15 Many studies have looked at the connection between scapular dyskinesis and 
shoulder impingement.3,30,31 Seitz et al31  measured the subacromial space in static positions in 
participants with and without scapular dyskinesis. They measured the subacromial space with 
ultrasound during a static hold with the arm rest, 45°, and 90° in scapular plane elevation. The 
scapula’s orientation was also measured by using a 3-dimensional motion analyzer. The results 
found no alterations in the scapula orientation in static positions for those with scapular 
dyskinesis compared to those without. They also did not find any difference in the subacromial 
space between those with and without scapular dyskinesis.31 
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Lopes et al30 looked at scapular kinematics and muscle activity in participants with and 
without scapular dyskinesis. They attached an electromagnetic motion sensor to the participants 
to measure the kinematics and muscle activity while they did five weighted shoulder flexion 
repetitions. They found that the participants with impingement and scapular dyskinesis had 
reduced scapular external rotation and increased the muscle activity of the upper trapezius 
compared to those without scapular dyskinesis. The decrease in external rotation could develop 
impingement syndrome as it impacts the available subacromial space.30   
Keshavarz et al.3 did a systematic review of studies that looked at scapular kinematic 
alterations in people with different musculoskeletal shoulder dysfunctions: frozen shoulder, 
rotator cuff tear, and shoulder impingement. In some studies, they found that the patients with 
shoulder impingement had a decrease in upward scapular rotation at lower angles (30-60°) 
during arm elevation in scapular and frontal planes. They also found that there was a decrease in 
external scapular rotation during arm elevation and lowering.3 This result matches the finding of 
Lopes et al.30 These alterations could be the cause of the impingement and shoulder pain the 
participants experience during arm elevation.  However, other studies showed no alterations in 
scapular kinematics in people with impingement syndrome.3 
The last two studies' results differ from the first study that reported no kinematic 
differences between those with or without scapular dyskinesis. Part of this difference could be 
because the first study was done with static motion instead of dynamic. Another difference could 
be that the participants in these two studies were symptomatic, whereas the first study had 
participants who did not have shoulder impingement.  
 Glenohumeral Instability 
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 Glenohumeral joint instability is the subluxation or dislocation of the humeral head from 
the glenoid fossa anteriorly, posteriorly, inferiorly, or in multiple directions.32 Some studies 
looked at the connection between alterations in scapular kinematics and glenohumeral joint 
instability.3,33 Hung and Darling33 measured scapular position in patients with and without 
anterior glenohumeral joint instability during shoulder abduction in the frontal plane at 45°, 90°, 
and 135°. They also measured scapular position during functional reaching activities using a 3-D 
electromagnetic digitizer. They found that the participants with glenohumeral instability had 
similar scapular orientation in upward-downward rotation, anterior-posterior tilting, and medial-
lateral rotation during arm abduction. They found that those with and without instability had no 
difference in scapular orientation during the reaching activities.33 These results are different from 
the results found in the systemic review done by Keshavarz.3 In their review, the authors found 
multiple studies that reported alterations in scapular kinematics in people with glenohumeral 
instability. The review showed that people with instability had decreased upward scapular 
rotation during arm elevation in the scapular and frontal plane. They also found an increase in 
internal rotation during elevation in the scapular plane. Other studies found alterations in patients 
with instability from scapular protraction to retraction and anterior tilt to posterior tilt.3 These 
mixed results from the studies show that the connection between scapular dyskinesis and 
glenohumeral instability is still unknown.  
Rotator Cuff Pathologies 
Mechanisms of rotator cuff pathologies are either due to extrinsic factors, intrinsic 
factors, or a combination of both. Intrinsic factors relate to the rotator cuff's degeneration due to 
tendon overload and age. Extrinsic factors cause the compression of the rotator cuff tendons, 
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such as abnormal scapular kinematics.31 A few studies looked at the connection between 
alterations in scapular kinematics and rotator cuff pathology.3,34 
In the Mell et al34 study the authors divided participants up into three groups: those with 
full-thickness tears, those with tendinopathy, and those who were unimpaired. They measured 
scapular kinematics for arm elevation in the sagittal and scapular planes by Euler angles. For 
humeral elevation in the scapular plane, the healthy participants had a mean minimum elevation 
of 0.5° and a mean maximum of 24.0°.  In the tendinopathy group, the mean minimum was 8.1° 
and increased to a mean maximum of 31.7°. The full-thickness tear group began at a mean 
minimum of 5.4° and increased to 29.6° for the mean maximum. There were no significant 
effects found; all three groups had the same scapular elevation patterns.  For the sagittal plane 
elevation, the healthy group began at a mean of 1.4° and raised to 25.0°. The tendinopathy group 
began at 8.5° and elevated to 32.4°. Lastly, the rotator cuff tear group began at 7.9° and elevated 
to 31.9°. Overall, they found that the scapula had to move more for the same amount of humeral 
elevation in the sagittal plane than the other two groups in the group with the complete RCT 
tear.34 
 In the systematic review done by Keshavarz et al.3 reviewed studies that looked at 
scapular kinematics in participants with rotator cuff tears. One study found that patients with 
full-thickness tears had greater scapular elevation during arm elevation. Another study found that 
rotator cuff pathology affected the slope of the scapula and humeral elevation curve during arm 
elevation in the scapular and sagittal plane.3 These results from the two studies show that there 
could be a connection between rotator cuff pathology and altered scapular kinematics. However, 
it is still unclear whether having altered kinematics leads to rotator cuff pathology. 
 Labral Lesions 
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 Internal impingement is caused by excessive or repetitive contact of the greater tuberosity 
from the humerus with the posterosuperior part of the glenoid fossa when the arm is abducted 
and externally rotated. This leads to impingement of the labrum causing labral lesions or 
fraying.35 A little research has been done on the connection between labral tears and scapular 
dyskinesis.12,35 Roche et al.12 stated that scapular dyskinesis strongly affects labral injuries. They 
discussed how alterations in internal rotation and an anterior tilt of the scapula lead to changes in 
the glenohumeral alignment, causing an increase in tensile strain on the anterior ligaments and 
labrum. The result of these changes is internal impingement. They also discussed that there is an 
increase in scapular protraction creating scapular dyskinesis.12 In the  Heyworth and Williams35 
review the pathomechanics, clinical complaints, physical examination findings, and imaging 
Burkhart et al36 findings connected to internal impingement. Their article discussed scapular 
malposition that described as inferior medial prominence, coracoid pain and malposition, and 
scapular dyskinesis. When the shoulder and scapula muscles are fatigued, it causes protraction of 
the scapula, leading to increased tensile loads on the capsule and posterosuperior labrum.35,36 
This follows what Roche et al12 discussed. This could mean that having scapular dyskinesis can 
cause labral injuries; however, more research needs to be done looking at the direct link between 
the two. 
Altered Scapular Kinematics and Shoulder Muscular Fatigue 
 Motion in the shoulder complex involves simultaneous movement of the scapula, 
clavicle, and humerus. During arm elevation, the scapula upwardly rotates, posteriorly tilts, and 
externally rotates; the clavicle elevates and retracts, and the humerus elevates and externally 
rotates.37 The scapula stabilizers muscles-- rhomboids, levator scapulae, serratus anterior, and the 
trapezius muscles—and the rotator cuff muscles—subscapularis, supraspinatus, infraspinatus, 
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and teres minor—are vital for producing and controlling shoulder motion. Any impairments such 
as fatigue of the shoulder muscles due to repetitive motion could alter scapular motion. In turn, 
these alterations have been connected to impingement syndrome, rotator cuff, and glenohumeral 
instability.3,12 Different studies have examined the effect of shoulder fatiguing protocols on 
scapular kinematics.13,37-39 
 McQuade et al.38 assessed the changes to scapulohumeral rhythm kinematics following a 
maximum resistive shoulder elevation. The study utilized a 3-D electromagnetic digitizer to 
measure the changes in the kinematics and an EMG to measure the changes in muscular fatigue 
in the upper/lower trapezius, serratus anterior, and middle deltoid muscles. The results found that 
with muscular fatigue, there is an associated decrease in scapulohumeral rhythm. Shoulder 
fatigue directly affects the way the scapula moves with the humerus. So, when the shoulder starts 
to fatigue in arm elevation, an increase in upward scapular rotation impacts the scapulohumeral 
rhythm.38 Ebaugh et al.37 measured scapular kinematics utilizing a 3-D electromagnetic digitizer 
and muscle strength utilizing an EMG device during trials of  weighted maximal scapular plane 
arm elevation. In this study the exercise fatigue protocol involved three tasks: two minutes of 
manipulation of small objects, 20 repetitions of resisted scapular plane elevation, and 20 
repetitions of resisted D2 flexion pattern. These tasks were continued until either the subjects 
reported they could not continue or if they failed to perform two tasks correctly in a row. This 
study found that after the fatiguing protocol, the subjects demonstrated more scapular upward 
rotation and external rotation in all degrees of elevation motion. They also found a decrease in 
scapular posterior tilt at the minimum elevation position. These results go to show that shoulder 
muscular fatigue can cause alteration in scapulothoracic kinematics.37 Both McQuade et al.38  
and Ebaugh et al.37  demonstrated similar results with the increase in scapular upward rotation 
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post shoulder muscular fatigue in arm elevation. However, Ebaugh et al.37 did find twice the 
amount of scapular upward rotation than the McQuade et al.38   study found. One of the reasons 
given for this difference is that the Ebaugh et al.37  study included three tasks for the fatiguing 
protocol, whereas McQuade et al.38   only had one. The longer the fatiguing protocol, the greater 
amounts of muscular fatigue, allowing for a greater change in upward rotation.  
Alibazi et al.39 assessed the effects of shoulder muscle fatigue on acromiohumeral 
distance and scapular dyskinesis in subjects with generalized joint hypermobility compared to 
those without. For the fatiguing protocol, the subjects were directed to perform weighted arm 
elevation in the scapular plane until they either reported that rate of perceived exertion (RPE) ≥ 8 
or were unable to maintain the correct movement and position. Before and after the fatiguing 
protocol, all the subjects were directed to perform a scapular dyskinesis test, which were graded 
as either obvious, subtle, or normal. The results found that in both groups, the fatiguing protocol 
reduced acromiohumeral distance in the 90 degrees elevation position and there was an increase 
in the presence of scapular dyskinesis.39 Andres et al.13 assessed muscle fatigue's effects on 
scapular dyskinesis on Army ROTC Cadets. In this study they tested the subjects’ shoulder 
muscular strength and performed a scapular dyskinesis test on them before and after a fatiguing 
protocol. Each subject was directed to perform 30 repetitions of weighted overhead arm 
elevations in the frontal plane for the fatiguing protocol. This study found that after the fatiguing 
protocol there was an increase in the number of subjects who had scapular dyskinesis. They also 
found that while there was a definite decrease in muscular strength in all subjects there was no 
difference between those who had scapular dyskinesis to those without.13 Neither Alibazi et al.39  
or Andres et al.13 reported any of the specific changes of the scapular kinematics, just that after a 
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fatiguing protocol, more subjects had scapular dyskinesis than before fatigue. More research is 
needed to see what kinematic changes occur during fatigue. 
Clinical Test for Scapular Dyskinesis 
 Scapular dyskinesis tests are visual and/or hands-on tests used to evaluate scapular 
dyskinesis. Multiple clinical tests were described and evaluated.40-44 All of these tests have been 
shown to be reliable and valid. Kibler et al.41 clinical test was a four-category system: type I 
pattern is present with inferior angle prominence, type II pattern is present with medial border 
prominence, type III pattern is when the superior border of the scapula is elevated, causing a 
shoulder shrug, and type IV is symmetrical motion (normal). In this test, participants performed 
three repetitions of bilateral shoulder elevation in both the scapular and sagittal planes. As the 
participants performed the repetitions, they were being recorded for physicians and physical 
therapists to evaluate the scapular movements. This clinical test was found to be at moderate 
reliability. The interrater reliability for physical therapists was k = 0.42, and for physicians k = 
0.32.41 The sensitivity for this assessment was low, with a range of 10-54%. The specificity 
ranged between moderate and good, with a range of 62-94%.44 
 The Huang et al.40 clinical test uses a four-category system like Kibler et al.41 However, 
type III pattern in Huang et al.40 is noted as early scapular elevation and/or excessive or 
insufficient upward rotation. Another difference in this method is the addition of palpating the 
scapula as the participants move through elevation in the scapular plane. The clinicians place 
both their hands on the participants scapula contacting both the medial border and inferior angle. 
Their second-fifth fingers are placed on the spine of scapula with their third placed on the root of 
the spine of the scapula. Participants then performed 12 weighted arm elevations and lowering. 
There were two clinicians grading: the first graded the even repetitions and the second graded the 
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odds. The interrater reliability for the elevation phase was found to be moderate with k = 0.49, 
whereas the reliability in the lowering phase was between moderate and substantial with k = 
0.57- 0.64. Sensitivity and specificity was not given.40 This method shows to be a stronger test to 
use with the reliability being greater than Kibler et al.41 Part of this could be due to the addition 
of palpation instead of just watching the scapula’s move. Being able to place hands on the 
participants allows clinicians to feel the scapula’s move making it easier to note the differences. 
 The Uhl et al44 clinical test used a yes/no method: yes was recorded if any abnormal 
scapular pattern was found, and no was recorded if the normal motion was found. In this test, 
each participant performed three to five trials of non-weighted elevation in both the scapular and 
sagittal planes. During the trials, clinicians observed the medial and superior scapular borders 
looking for any abnormal kinematics. The results found that this assessment had moderate 
reliability with k = 0.44. The sensitivity was moderate with a range of 74-78% and the specificity 
was low with a range of 31-38%.44 This method had a greater interrater reliability compared to 
the Kibler et al.41 four-category system but was lower than Huang et al.40 four-category and 
palpation method. Part of this could be due to the fact that Kibler et al.41  categorizes dyskinesis 
patterns in a single plane, whereas Uhl et al.44 assesed alterations and asymmetries in multiple 
planes. The reason it was lower than Huang et al.40  could be due to the same reason that Kibler 
et al.41  was lower; there is no palpation of the scapula involved in this method. 
 McClure et al.42 and Tate et al.43 presented a method for testing for scapular dyskinesis 
that classify participants as either normal, subtle, or obvious scapular dyskinesis. The normal 
classification was used when there was no evidence of abnormality in motion. Subtle was used 
when there was mild evidence of an abnormality. Obvious was used when there was an apparent 
abnormality in three out of five trials. One of the abnormalities noted were scapular winging, 
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inferior angle and/or medial border prominence of the scapula. Another abnormality noted was 
dysrhythmia, premature/excessive protraction, or elevation and/or downward rotation during arm 
lowering.42 In this method, participants performed five repetitions of weighted elevation in both 
the sagittal and frontal planes. The examiners independently observed the participants' right and 
left shoulders for any abnormalities. The results found this method to be moderately reliable with 
k = 0.55.42 Neither the sensitivity nor specificity were given.  
 Of the scapular dyskinesis tests reported McClure et al.42, Tate et al.43, and Huang et al.40 
tests showed the best reliability. Huang et al.40 had the highest reliability when looking 
specifically at the lowering phase of motion but did have a lower reliability than McClure et al.42 
and Tate et al.43,  during the arm elevation phase. As previously stated, palpation makes it easier 
to feel how the scapula is moving instead of just watching it move. However, in McClure et al.42 
and Tate et al.43,  the left and right shoulders are evaluated independently. This allows the 
clinicians to focus on one shoulder at a time, making it easier for them to understand how one 
shoulder moves instead of focusing. Overall, more research should be done to see which method 
between these two is the best for assessing scapular dyskinesis. 
PENN and QDASH Scores 
 Shoulder outcome tools are used to assess disability and clinically important changes in 
disability, specifically in the shoulder.45 There are several shoulder outcome tools out there, but 
this literature review will discuss only two: the Pennsylvania Shoulder Score (PENN) and the 
Quick Disability of the Arm, Shoulder, and Hand (QDASH).45,46 The PENN is a 100-point 
shoulder-specific self-report questionnaire with three subscales: pain, satisfaction, and function. 
For the pain scale, there are three pain items on a 10-point scale each- for a total of 30 points- 
that address a patient’s pain level at rest, normal activities, and strenuous activities. If a patient 
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has 10/10 pain in all three sections, they will score a 0/30. The satisfaction scale is scored on a 
10-point scale from “not satisfied” to “very satisfied”. If a patient is not satisfied, they would 
score a 0/10. Lastly, the function scale is based on the sum of 20 items, each with a 4-point 
Likert scale; 0 (cannot do it at all), 1 (much difficulty), 2 (some difficulty), and 3 (no difficulty). 
In this section, there is 60 points, meaning if someone could not do any of the 20 items, they 
would score a 0/60. The lower the total is from 100, the more overall dysfunction a patient has.45 
Leggin et al.45 found that the PENN was a reliable tool to use. They demonstrated test-retest 
reliability of ICC2,1 = 0.94. For each section they found that the test-retest reliability was pain 
ICC2,1 = 0.88, satisfaction ICC2,1 = 0.93, and function ICC2,1 = 0.93. The internal consistency 
analysis found a Cronbach alpha of 0.93. They also found the PENN to be valid. Pearson 
product-moment correlation coefficients between the PENN and the Constant Shoulder Score 
(CSS) and American Shoulder and Elbow Surgeons Shoulder Score (ASES) were 0.85 and 0.87, 
respectively.45 Overall, this means that this is a good outcome tool to utilize on shoulder 
dysfunction patients. 
The QDASH outcome tool is an 11-item questionnaire that can be used for single or 
multiple disorders in the upper extremity. It evaluates symptoms and the level of disability with a 
five-response option for each of the 11 items. To get the overall QDASH score, sum up the circle 
response and then subtract zero. This number is then divided by 1.2 to get a QDASH score out of 
100. The higher the QDASH score the more dysfunction a person has. Gummesson et al.46 
wanted to evaluate the validity and the test-retest reliability of the QDASH compared to the full-
length DASH. To look at the validity of the QDASH they used ROC analysis. They found in the 
analysis of changed scores that those who rated their arm status after surgery as better and those 
who rated it as unchanged that the difference under the ROC curve for QDASH is 0.82 compared 
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to the DASH 0.81; making it a valid test. They also found the QDASH to be very reliable with a 
test-retest reliability of ICC2,1 = 0.93.
46 These numbers show that this is a good outcome measure 
to use when looking at the shoulder and other areas of the upper extremity as well. 
Exercises of the ACFT  
 The ACFT is the Army’s new fitness test that involves six events: three repetition-
maximum deadlifts, sprint-drag-carry, timed two-mile run, standing power throw, two minutes 
T-pushups, and hanging leg tucks.1 The three-rep max deadlift has the soldier utilizing a hex bar 
for their deadlift for three repetitions with the highest weight they can handle. This event was 
added to help soldiers prepare to lift and move heavy loads—personnel and/or equipment—from 
the ground. Another event is the sprint-drag carry. The starting position for this test is in the 
prone position. The test is divided into five different parts: the sprint, the drag, the lateral, the 
carry, and the sprint. For the sprint component, the soldier on the command of go will stand and 
sprint 25 meters, touch the line with both their foot and hand and then turn and sprint back to the 
start line. Next, the soldier will drag the weighted sled backward for 25 meters and then turn the 
sled around and drag it back to the starting line. The lateral part has the soldier side shuffling 
down and back the 25 meters while facing the same direction. The soldier will grasp two 40lbs 
kettlebells and run to the 25-meter line and turn around and run back for the carry. Finally, the 
soldier will then place the kettlebells on the ground and sprint 25 meters, touch the line with their 
foot and hand, turn around and sprint back. This event was added to aid in reacting quickly to 
direct and indirect fire, building a hasty fighting position, extracting a casualty from a vehicle, 
and carrying them to safety. The two-mile run is not a new component to the fitness test as it was 
part of the original APFT. The only difference between the APFT run and the ACFT run is the 
time required to pass increased due to the increased ACFT events.  
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 The other three exercises are the power toss, T-pushups, and hanging leg tucks, which 
involve more upper extremity control. The power toss is an overhead backward medicine ball 
toss. This test was selected because it would help prepare soldiers for tasks like lifting an injured 
soldier up or throwing equipment over walls or other obstacles. Medicine ball throws are useful 
in tasks like these because they involve multidimensional training such as movement through 
multiple planes, extremes range of motion, and multiple muscle contraction sequences.47 For this 
exercise, the upper extremity kinematics are shoulder flexion in the sagittal plane and external 
rotation. In shoulder flexion, the main muscles involved are the anterior portion of the deltoid, 
pectoralis major, and coracobrachialis. For external rotation, there are two primary muscles 
involved: infraspinatus and teres minor. Maenhout et al.48 found that plyometric exercises for 
shoulder flexion and external rotation required a strong level of activity in the middle trapezius, 
lower trapezius, and serratus anterior. The scapula moves into internal rotation, upward rotation, 
and posterior tilting through shoulder flexion and external rotation.49,50 One study done by 
Stockbrugger and Haennel51 looked at the contributing factors to performance on a medicine ball 
explosive power test; they found that the largest contributing factor to the throw's distance comes 
from relative lower-body power. However, upper-body strength did demonstrate a moderate 
correlation, meaning there is some connection to performance on this test and upper body 
strength.51 This means that those who have scapular dyskinesis in muscular fatigue could 
potentially throw a shorter distance than those with normal scapular control due to decreased 
muscle strength. 
 The T-Pushups are triceps push-ups involving the soldier bringing their arms out into a T 
position after they come back down to the ground before performing the next push-up. While 
push-ups have always been a part of the original fitness test, the T-pushup change requires the 
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soldier to complete a full push-up from the ground up, thus limiting the chance of cheating. 
Being able to perform push-ups are beneficial for combat because it helps prepare the soldier to 
perform tasks such as moving obstacles, getting to and from the ground during evasion, and low 
crawling. In the pushing phase of the push-up the shoulder goes through horizontal adduction. 
The muscles involved in this motion are pectoralis major, deltoids, biceps, and coracobrachialis. 
At the scapulothoracic joint the scapula performs a protraction motion that involves the serratus 
anterior and pectoralis minor muscles to contract with the triceps' addition. In the lower phase, 
the shoulder goes through horizontal abduction, and the scapula goes through retraction while 
eccentrically contracting the same muscles. The T-out portion of the push-up involves bringing 
the arm out into 90 degrees of abduction. During the push-up, one of the more vital muscles 
activated is the serratus anterior which is responsible for the protractions and upward rotation of 
the scapula. If the serratus anterior cannot contract at its full capacity due to weakness or fatigue 
then alterations to normal kinematics can occur, leading to scapular dyskinesis.52 This in turn 
could cause a reduction in the number of push-ups a soldier could be able to perform. 
 The last component of the new fitness test is the hanging leg tucks which was added to 
help train soldiers for tasks such as surmounting obstacles/walls and rope climbing. This task has 
the soldier hanging straight arm with an alternating grip on the bar while their body is 
perpendicular with the bar. This exercise aims to bring both knees up to touch their elbows at the 
same time and then bring their knees back down while maintaining control.  Currently, no 
research can be found that looks at the upper extremity kinematics for the leg tuck exercise. 
However, a comparison could be made between a pull-up exercise and a leg tuck exercise. For 
the raising phase of a pull-up the shoulder moves through extension and adduction while 
contracting the latissimus dorsi, teres major, posterior deltoid, pectoralis major, and rotator cuff 
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muscles. At the same time the scapula is moving in downward rotation, depression, and 
retraction while contracting the trapezius, pectoralis minor, and rhomboids. In the lower phase 
the shoulder moves through flexion and abduction while the scapula moves through upward 
rotation, elevation, and protraction while eccentrically contracting the same muscles.53 Two of 
the biggest differences, upper extremity wise, between a pull-up and a leg tuck, is the hang grip 
position is narrower and the body is perpendicular instead of parallel for the leg tuck. More 
research is needed to examine the effects of the differences on muscle activation and upper 
extremity kinematics. However, it stands to reason that those with scapular dyskinesis could 
have a harder time performing this task.  
Conclusion 
 Scapular dyskinesis is the alteration in scapular kinematics.17 These alterations have been 
associated with shoulder dysfunctions.3,12 However, it is still debatable if scapular dyskinesis 
caused the shoulder dysfunction or if it is a result of dysfunction. The Army’s new fitness test is 
utilizing more upper extremity and scapular control exercises. With these new changes, research 
needs to be done to determine if those who have scapular dyskinesis score lower on specific 
activities due to their alterations in scapular kinematics. The connection between lower scores 




CHAPTER 3  
METHODS 
Purpose 
 The purpose of this study was to explore the relationship between scapular dyskinesis and 
ROTC Cadets scores on three exercises of the ACFT (leg tuck, power throw, and T-pushups). 
This was a between-group study that explored the effect of scapular dyskinesis on shoulder 
dysfunction. 
Research Questions 
 Will scapular dyskinesis result in a score lower on the three exercises (standing power 
throw, T-pushups, and hanging leg tucks) from the ACFT than those who do not have scapular 
dyskinesis?  
Null Hypothesis 
 Ho: ROTC Cadets with scapular dyskinesis will have equal scores on the ACFT as 
ROTC cadets without scapular dyskinesis.  
Alternative Hypothesis  
HA: ROTC Cadets with scapular dyskinesis will score lower on the standing power 
throw, two minutes T-pushups, and the hanging leg tucks.    
Participants 
  Fourteen participants (172.6 ± 10 cm, 77.1 ± 11.7 Kg, five females, nine males) were 
recruited from Marshall University’s Army ROTC program. Participants were recruited through 
emails and announcements made by the athletic trainers. Participants provided written and verbal 
informed consent before testing. 
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Inclusion Criteria:  Participants were 1) at least 18 years of age and 2) enrolled in 
Marshall University’s Army ROTC program.  
Exclusion Criteria: Participants were not 1) currently enrolled in Marshall University’s 
Army ROTC program and 2) able to elevate either shoulder to 120°. Participants were excluded 
if 1) had any shoulder surgeries, 2) shoulder range of motion was restricted ≥ 50% in any plane 
of motion, 3) shoulder pain was ≥ 7/10, and 4) the participants are older than 30 years old. 
Demographics: demographic information collected was the height (cm), weight (kg), 
current age, sex, and dominant hand. The participant's height was collected by having the 
participants stand next to a stadiometer, and weight was collected by having the participants 
stand on a scale. Age, sex, and dominant hand information were collected by having the 
participants answer a questionnaire. 
IRB 
This study was approved (IRBNET # 1654309-1) by the Marshall University Institutional 
Review Board (IRB). (See Appendix A). All participants provided written informed consent 
before participation (See Appendix B). 
Protocol 
 Participants reported to the research lab at an assigned time to be screened for inclusion 
and exclusion criteria before continuing with the testing procedures. Participants were asked to 
complete two patient-reported outcome measures (PENN and QDASH) before collecting 
physical measurements. Posture assessment, shoulder range of motion, shoulder girdle muscle 
strength, shoulder special tests, and a scapular dyskinesis test was performed. Participants 
performed thirty repetitions of weighted overhead shoulder motion in the frontal plane. 
Afterward, another scapular dyskinesis was tested by utilizing the scapular dyskinesis test.42,43 
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Participants were then divided into two groups, 1) with scapular dyskinesis and, 2) without 
scapular dyskinesis. Throughout the study, participants were trained and tested on the ACFT. 
During the ACFT, test scores were collected for leg tuck, power throw, and T-pushup exercises. 
This was to determine the differences of the scores between the two groups.  
Patient Reported Outcome Measures 
 Participants completed two patient-reported outcome measures twice to identify the 
amount of shoulder disability/dysfunction each group has compared to the beginning of the 
study. 
 
Participants completed the PENN to identify their shoulder-specific level of pain and 
function. The PENN is a 25-item questionnaire that assesses the level of pain, satisfaction, and 
function of the participant’s shoulder. The total score of the PENN was the total of the pain, 
satisfaction, and function scores. The PENN is scored 0-100; a score of 100 represents no pain, 
maximum satisfaction, and no disability of the shoulder. A score of 0 represents total shoulder 
disability/function. The PENN minimum clinically significant difference is reported as 11.4, and 
the minimum detectable change is 12.1. The PENN is valid and reliable; the test-retest reliability 
of ICC2,1 = 0.94.
45 
 Participants completed the QDASH, which is an 11-item questionnaire that evaluates 















Figure 1. Method Flow Chart 
30 
 
with 0 meaning no disability and a score of 100 meaning total disability. The minimum 
detectable change is reported as 8.0%, and the minimum clinically significant difference is 
reported as 11.2%.54 The QDASH was found to be valid and reliable; the test-retest reliability of 
ICC2,1 = 0.93.
46 
Range of Motion  
 Shoulder range of motion measurements was performed to determine scapular position 
using a digital inclinometer (The Saunders Group Inc., Chaska, MN). Digital inclinometer 
interrater reliability showed excellent reliability with ICC3,k  = 0.94-0.98 and a standard error 
measurement of 2°.55 The range of motion techniques implemented by Hoppenfled 56 was 
utilized for the following motions:  
External Rotation: External rotation was performed with the participant sitting. The 
shoulder was abducted to 90°, and the elbow was flexed to 90°. The participant was instructed to 
rotate their forearm towards the ceiling while keeping their humerus parallel to the floor. The  
measurement was taken at maximum external rotation and recorded.  
Internal Rotation: Internal rotation was performed with the participant sitting. The  
shoulder will be abducted to 90°, and the elbow was flexed to 90°. The participant was then 
asked to rotate the forearm towards the floor. The measurement was taken at maximum internal 
rotation and recorded.  
Shoulder Abduction: Shoulder abduction was performed with the participant standing.  
The participant was then asked to abduct their arm to the side of the body with palms facing 
forward. A measurement of 180° was recorded if the participant could elevate arm to ear.  
Shoulder Flexion: Shoulder flexion was performed with the participant standing. The 
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participant was then instructed to raise their arm forward and overhead. A measurement of 180° 
was recorded if the participant could elevate arm to ear.  
  Horizontal Adduction: Horizontal adduction was performed with the participant lying on 
a table. The participant was then asked to move their arm across their body towards the opposite 
shoulder. The measurement was taken at the point of maximum horizontal adduction and 
recorded. 
Manual Muscle Strength 
Assessment of shoulder girdle muscle strength was performed using techniques described 
by Kendall.57 Specifically, strength was determined for the following muscles: serratus anterior, 
lower and middle trapezius, latissimus dorsi and the following shoulder motion; external rotation 
(0° and 90° adduction), internal rotation, and shoulder adduction. Muscle strength was graded on 
a three-point scale (normal, reduced, and absent). This method of grading muscle strength has 
been shown to have better validity than the traditional 5-point scale.  
Serratus Anterior: The strength of the serratus anterior muscle was assessed by having the 
subject stand upright with the arm abducted to 120° in the scapula plane. The examiner stood to 
the subject’s side, placed their hand at the level of the subject’s elbow, and applied a downward 
directed force, forcing the subject into adduction. 
Lower Trapezius: The strength of the lower trapezius muscle was assessed by having the 
subject lay prone with their arm abducted to 120° and internally rotated. The examiner placed 
their hand at the level of the subject’s elbow and applied an anteriorly directed force. 
Middle Trapezius: The strength of the middle trapezius muscle was assessed by having 
the subject lay prone with their arm abducted to 90° and in a position mid-way between internal 
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and external rotation. The examiner placed their hand at the level of the subject’s elbow and 
applied an anteriorly directed force.    
External Rotation: External rotation strength was assessed by having the subject stand 
upright with their arm hanging in a relaxed, slightly abducted position with the elbow flexed to 
90°. The examiner stood to the subject’s side with one hand stabilizing the subject’s elbow; the 
examiner grasped the subject’s wrist with their other hand. The subject was instructed to rotate 
their shoulder externally. The examiner resisted their motion.  
Internal Rotation: External rotation strength was assessed by having the subject stand 
upright with their arm hanging in a relaxed, slightly abducted position with the elbow flexed to 
90°. The examiner stood to the subject’s side with one hand stabilizing the subject’s elbow; the 
examiner grasped the subject’s wrist with their other hand. The subject was instructed to rotate 
their shoulder internally. The examiner resisted their motion. 
Shoulder Adduction: Shoulder abduction strength was assessed by having the subject 
stand with their arm at their side. The examiner stood in front of the subject, grasped the 
subject’s wrist, and passively abducted the subject’s arm. The examiner placed their other hand 
at the level of the subject’s elbow. The subject was instructed to abduct their arm. The examiner 
applied a force that resisted the subject’s motion. 
Shoulder Provocative Tests  
  Shoulder provocative tests were performed to rule out specific shoulder pathologies (i.e., 
full-thickness rotator cuff tear, anterior and multidirectional instability, and glenoid labial tear). 
The shoulder provocative tests that were performed include:  
  Painful Arc Test: The painful arc test was performed by having the participant actively 
elevate their arm in the plane of the scapula through a complete range of motion. A positive test 
33 
 
was recorded if the participant complained of pain in the 60°-120° arc of motion. The painful arc 
test sensitivity = 57% and specificity = 66%.58  
Drop Arm: The drop arm test was performed with the participant standing. The examiner 
passively abducted the shoulder to 90°. The examiner then released the arm with instructions to 
hold the arm in starting position. A positive test was recorded if the participant could not hold 
their arm in 90° of shoulder abduction. The drop arm test sensitivity = 27% and specificity = 
88%.59  
  Sulcus Sign: The sulcus sign test was performed by having the participant sit upright with 
the arm in a relaxed position at their side. The examiner placed one hand on the participant’s 
shoulder over the acromioclavicular joint, while the other hand of the examiner grasped the 
participant proximal to the elbow. The examiner applied a traction force to the participant’s 
shoulder. A positive test was documented if a sulcus was developed over the glenohumeral joint 
lateral to the acromioclavicular joint. Sulcus sign sensitivity = 17% and specificity = 93%.60  
Hawkins-Kennedy Test: The Hawkins-Kennedy test was performed by having the 
participant elevate their arm to 90° in the sagittal plane with their elbow flexed to 90°. The 
examiner then passively internally rotated the participant’s arm. A positive test was recorded if 
the participant experienced pain on the shoulder’s anterior portion at the end range of motion. 
Hawkins-Kennedy test sensitivity = 72% and specificity = 66%.59  
Neer Test: The Neer test was performed by having the participant internally rotate their 
arm. From this position, the participant elevated their arm in the sagittal plane. A positive test 
was recorded if the participant experienced pain at the end range of motion. Neer test sensitivity 
= 88.7% and specificity = 30.5%.29 
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 Apprehension Test: The apprehension test was performed by having the participant lay 
supine with their arm abducted to 90° with the elbow flexed to 90°. From this position, the  
examiner passively externally rotated the participant’s arm. A positive apprehension test was 
recorded if the participant reported a feeling of apprehension or discomfort during the test. The 
apprehension test sensitivity = 30%-53% and specificity = 63%-99%.61,62 
Relocation Test: The relocation test was performed by having the participant lay supine 
with their arm abducted to 90° with the elbow flexed to 90°. A posterior force was then placed 
over the humeral head as the examiner passively externally rotated the participant’s arm. A 
positive relocation test was documented if there was an increase in the range of external rotation 
motion before reproducing symptoms/apprehension. The relocation test sensitivity = 36% 75% 
and specificity = 40%-87%.61,63 
  External Rotation (ER) Lag Sign: The ER lag sign was performed with the participant 
standing. The examiner passively flexed the participant’s elbow to 90°, brought their shoulder 
into 20° of abduction, and externally rotated their shoulder. The examiner then released the arm 
with instructions to hold the position. A positive test was reported if the participant could not 
maintain the position. ER lag sign sensitivity = 56% and specificity = 98%.64  
  Lift-Off Test: The lift-off test was performed with the participant standing and their 
hand’s dorsum placed in the mid-lumbar region of their back. The participant “lifted” their hand 
off their back through internal humeral rotation and shoulder extension from this position. A 
positive test was reported if the participant was unable to lift their hand off their back. The lift-
off test sensitivity = 92% and specificity = 100%.65 
Scapular Dyskinesis Test 
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The scapular dyskinesis test was performed with the participant standing. Participants 
performed five consecutive repetitions of bilateral, active, and weighted shoulder motion in the 
frontal plane with dumbbells. The amount of weight given to the participants was determined by 
body weight: 1.4kg (3lb) for those weighing < 68.1kg (150lb) and 2.3kg (5lb) for those weighing 
> 68.1kg (150lb).42 The examiner stood behind the participant to observe and grade the scapula 
movement. 
 The participants were graded with normal scapular motion, subtle dyskinesis, or obvious 
dyskinesis after the weighted repetitions. The classification Normal (N) was used if there was no 
evidence of abnormality in scapular motion. Subtle (S) was used if there was mild or 
questionable evidence of an abnormality. Obvious (O) was used if there were striking, clearly 
apparent abnormalities. Abnormalities were characterized by either a “winging” medial border 
and/or a prominent inferior angle during arm motion, or a “dumping” shrugging on arm elevation 
or rapid downward rotation during arm lowering.42,43 The results found this method to be 
moderately reliable with k = 0.55.  Neither the sensitivity nor specificity were given.42 
Army Combat Fitness Test 
The Army created a new fitness test called the Army Combat Fitness Test (ACFT). This 
new test includes six events: three repetition-maximum deadlifts, standing power throw, two 
minutes T-pushups, sprint-drag-carry, leg tucks, and a timed two-mile run.1 Each test’s scoring is 
divided into three standards: gold, gray, and black. The difficulty of each test increases and is 
indicated by color: gold is the easiest, followed by gray, and then ending with black as the most 
difficult. For ROTC, participants only need to be able to perform at the gold standard to pass. 
This study looked at three exercises for data collection and scapular function: the T-pushups, leg 
tucks, and power throw.  
36 
 
T-pushups: The participants started this exercise in a normal push-up position with their 
chests on the ground. From there, they pushed up and then pushed completely down. At the 
bottom of the push-up, they extended their arms out into a “T” position and then brought them 
back to the start. The push-ups did not count if the participants could not keep their bodies in a 
straight line as they pushed up and down. The goal for this exercise was to perform as many 
pushups as they could within two minutes. For the gold standard, participants needed to perform 
ten pushups; for the gray standard, they needed to perform 20, and for the black standard, they 
needed to perform at least 30.  
Leg tucks: The participants started this exercise in a dead hang on a bar with their hands 
in front of each other from either hand touching to six inches apart. Participants then had to bring 
both knees up to touch their triceps. The tuck did not count if both knees were not touching the 
triceps at the same time. The goal for this exercise was to perform as many leg tucks as they 
could within two minutes. For the gold standard, participants needed to perform one leg tuck; for 
the gray standard, they needed to perform three; and, for the black standard, they needed to 
perform at least five. 
Power Throw: The participants started this exercise facing backward with their heels 
close to the line on the ground without touching. They held a 10lbs medicine ball with a 9-inch 
diameter. The participants had to hold the ball with their hands tucked under the bottom of it for 
proper form. The exercise was performed by throwing the ball backward over their head. The 
throw did not count if they stepped backward over the line. The goal for this exercise was to 
throw the ball as far as they could. Each participant had one practice throw and then two throws 
that counted. For the gold standard, participants needed to throw the medicine ball 4.6 meters; 
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for the gray standard, they needed to throw 6.5 meters, and for the black standard, they needed to 
at least throw 8.5 meters. 
Deadlifts: The participants started this exercise inside the hex bar with their feet 
shoulder-width apart with the hands grasping the midpoint of the handles. They then were asked 
to perform three repetitions of the deadlift. The repetition did not count if the weight plates did 
not touch the ground before performing the next repetition or if they lost proper form. The goal 
for this exercise was to perform the three repetitions with the heaviest weight they could. For 
gold standard, participants needed to perform three repetitions at 140 lbs., gray standard at 160 
lbs., and for black standard they needed to perform three repetitions at 180 lbs. 
Sprint-Drag-Carry: The participant started this exercise in a prone position. At the 
command of go they sprinted down and back 25 meters, dragged a weighted sled down and back, 
side shuffled down and back facing the same direction, ran with two 40 lbs. kettlebells down and 
back, and then finally sprinted down and back one last time. The goal of this exercise was to 
complete this test as quickly as they could. For gold standard participants needed to finish within 
3:35 (minutes: seconds), gray standard they needed to finish within 2:45, and for black standard 
they needed to finish at least 2:09 or less. 
Two-Mile Run: The participants performed this test on either an indoor/outdoor track or 
on any improved surface (road or sidewalk). The goal of this test was to finish the two miles as 
fast as they could. For the gold standard, participants needed to complete the run in 21:07 
(minutes: seconds), the gray standard they needed to complete it in 19:00 minutes, and for the 




Participants were male and female Cadets in the Army ROTC from a single collegiate 
institution. Participants were at least 18 years of age to ensure no minors were involved and no 
older than 40 years old to include all Cadets within the ROTC program.  
Limitations 
 Participants who did not report injury occurrence or activity type and participants that 
were de-enrolled before the test could be administered. 
Statistical Analysis  
 Statistical analysis was performed with SPSS 24.0 (SPSS, Chicago, Il). The means and 
standard deviation were determined for all dependent variables and demographics information. 
An Independent T-test was used to determine group differences (scapular dyskinesis and normal 
scapular motion). Chi square (χ2) was used to determine between-group differences for all 
















 Patient demographic information was analyzed utilizing mean and standard deviation for 
age (years), height (cm), weight (kg), PENN, and QDASH. All the participants involved in the 
study, regardless of whether they produced scapular dyskinesis in a fatigued state or did not 
reported normal shoulder function and no shoulder disabilities (Figure 2). Gender information 
was collected on the participants as well (14 total: nine males and five females). Participants with 
normal scapular kinematics on either the right (seven total: six males and one female) or left 
(nine total: seven males and two females) side were more often males. Participants with scapular 
dyskinesis on the right (seven total: five males and four females) or left (five total: two males 
and three females) side were more often females. 
Figure 2. Patient Demographics by Group. Demographic information was reported (mean ± 
SD) for participants graded with normal scapular kinematics or scapular dyskinesis following the 
exercise protocol. Gender information was reported as well for each group (males / females). For 
QDASH, a score of 0 is equivalent to no disability, and a score of 30 is equivalent to maximum 
disability. For PENN, a score of 0 is equal to minimal function, and a score of 100 is equivalent 
to maximum function. No significant differences were reported between participants graded with 





Right Left Right Left
Number 14 7 9 7 5
Sex 14 (9 M/ 5 F) 7 (6 M / 1 F) 9 (7 M / 2 F) 7 (3 M / 4 F) 5 (2 M / 3 F)
Age (years) 21.8 ± 4.7 20.7 ± 1.6 22.2 ± 5.8 22.9 ± 6.5 21.0 ± 2.0
Height (cm) 172.6 ± 10.0 176.1 ± 8.9 176.1 ± 8.3 169.0 ± 10.4 166.2 ± 10.5
Weight (kg) 77.1 ± 11.7 81.3 ± 11.8 81.2 ± 11.9 73.0 ± 10.8 69.8 ± 7.6
PENN 98.0 ± 3.6 98.9 ± 1.5 98.9 ± 1.4 97.1 ± 5.0 96.4 ± 5.9





 A 2x2 Pearson Chi-Square test was performed to determine changes in the scapular 
dyskinesis categorical data. Prior to the fatigue protocol, 2/14 participants were graded with 
scapular dyskinesis on the right and left sides. Following the exercise protocol, 7/14 participants 
were graded with scapular dyskinesis on the right side (Figure 3, χ2 = 7.143, p = 0.008), and 5/14 
participants were graded with scapular dyskinesis on the left side (Figure 3, χ2 = 7.143, p = 
0.008). 
Figure 3. Scapular Dyskinesis Pre and Post Fatigue. Scapular dyskinesis test results for 
participants were recorded prior to and after performing the fatiguing protocol on both the right 
and left side. Significant difference was shown with the number of participants being graded 











Normal DYSK Normal DYSK
Right 12 2 7 7 7.143 0.008




Army Combat Fitness Test Scores 
 Out of the 14 participants involved in this study, only 11 of them were able to complete 
the ACFT. The mean and standard deviation were reported for each of the six events of the 
ACFT, total score, and the total score from the upper extremity tests (standing power throw, T-
pushups, and hanging leg tucks) in Figure 4. The ACFT scores were reported to determine any 
differences in scoring on the ACFT between participants graded with normal scapular kinematics 
or scapular dyskinesis on either side (Figure 4). While there were no statistical differences, a 
trend showed that those graded with scapular dyskinesis following a fatiguing protocol scored 
lower on the upper extremity tests. The participants graded with scapular dyskinesis had a mean 
total score of UE = 190.60 (right side) and a mean total score of UE = 182.50 (left side) 
compared to the participants graded with normal scapular kinematics who had a mean total score 
of UE = 237.33 (right side) and a mean total score of UE = 235.29 (left side). 
 
Figure 4. Army Combat Fitness Test Scores. ACFT scores were recorded for participants 
graded with normal scapular kinematics or scapular dyskinesis on the right and left side 
following the fatigue protocol. Total of 6 is the mean total of all six events of the ACFT and the 
Total of Upper Extremity is the mean total of the three upper extremity tests (standing power 




Right Left Right Left
3 Rep Max DeadLift 74.55±12.8 79.33±15.4 78.00±14.5 68.80±6.2 68.50±7.1
Standing Power Throw 75.64±13.4 82.33±12.6 82.71±11.5 67.60±10.2 63.25±3.6
T-Pushups 77.36±13.7 83.00±15.5 81.29±14.9 70.60±7.8 70.50±9.0
Sprint-Drag-Carry 74.36±12.5 79.17±14.6 79.43±13.3 68.60±7.0 65.50±1.0
Hanging Leg Tuck 63.09±33.8 72.00±37.3 71.29±37.1 52.40±29.3 48.75±32.5
Two-Mile Run 69.45±6.3 69.00±6.5 68.57±6.0 70.00±6.8 71.00±7.4
Total of 6 434.45±75.8 464.83±88.8 461.29±81.6 398.00±38.2 387.50±34.8





 Independent Sample T-tests were performed to determine if there were statistically 
significant differences in muscle strength measurements recorded prior to and after the fatigue 
protocol between participants graded with normal scapular kinematics and participants graded 
with scapular dyskinesis the right (Figure 5A) or left (Figure 5B). On the right side, there were 
no statistical differences in any of the muscle strength measurements (pre and post) from the 
participants graded with scapular dyskinesis and from those graded with normal scapular 
kinematics (p > 0.05). On the left side, participants with scapular dyskinesis prior to fatigue 
protocol had less muscle strength than participants with normal scapular kinematics for the 
external rotation (mean difference = 10.0 ± 5.3kg; t = 2.707; p = 0.019), internal rotation (mean 
difference = 8.9 ± 6.1kg; t = 2.325; p = 0.038), abduction (mean difference = 12.2 ± 6.2kg; t = 
2.842; p = 0.015), serratus anterior (mean difference = 9.5 ± 6.1kg; t = 2.311; p = 0.039), and 
lower trapezius (mean difference= 5.1 ± 3..3kg; t = 2.377; p = 0.035). Participants graded with 
scapular dyskinesis after the fatigue protocol on the left side had less muscle strength for all 
measurements (external rotation, internal rotation, abduction, serratus anterior, lower trapezius, 









Figure 5. Pre and Post Shoulder Girdle Strength Measurements. Shoulder girdle strength 
measurements were recorded pre and post the fatigue protocol for participants graded with 
normal scapular kinematics or scapular dyskinesis on the right (A) and left (B). A significant 













Normal DYSK Difference t-value p-value Normal DYSK Difference t-value p-value
External Rotation 27.1±5.4 21.6±7.0 5.5±6.2 1.637 0.128 27.0±6.2 21.5±7.4 5.5±6.8 1.505 0.158
Internal Rotation 28.4±6.0 26.0±9.5 2.4±7.8 0.566 0.582 28.0±6.9 24.8±12.1 3.2±9.5 0.612 0.552
Abduction 27.5±7.0 21.0±9.8 6.5±8.4 1.418 0.182 26.2±7.6 19.5±10.6 6.7±9.1 1.363 0.198
Serratus Anterior 26.7±7.7 20.7±7.6 6.0±7.7 1.461 0.17 25.0±6.1 19.5±9.0 5.5±7.6 0.806 0.205
Lower Trapezius 14.7±3.7 12.2±3.7 2.5±3.7 1.272 0.227 15.9±3.7 12.1±5.2 3.8±4.5 0.822 0.14
Middle Trapezius 13.8±3.8 11.9±4.4 1.9±4.1 0.849 0.413 14.0±4.0 12.5±4.2 1.5±4.1 0.937 0.512
Pre Right Post Right
Normal DYSK Difference t-value p-value Normal DYSK Difference t-value p-value
External Rotation 29.1±7.9 19.1±2.7 10.0±5.3 2.707 0.019 27.3±7.1 18.7±4.1 8.6±5.6 2.487 0.029
Internal Rotation 29.3±7.9 20.4±4.2 8.9±6.1 2.325 0.038 29.6±9.1 18.3±5.3 11.3±7.2 2.543 0.026
Abduction 28.2±9.2 16.0±3.2 12.2±6.2 2.842 0.015 26.6±8.5 15.7±4.2 10.9±6.4 2.657 0.021
Serratus Anterior 27.0±8.8 17.5±3.3 9.5±6.1 2.311 0.039 25.3±7.5 16.7±4.0 8.6±5.8 2.345 0.037
Lower Trapezius 15.9±4.6 10.8±1.9 5.1±3.3 2.377 0.035 16.1±4.3 10.7±2.4 5.4±3.4 2.585 0.024
Middle Trapezius 15.1±4.2 10.1±2.6 5.0±3.4 2.143 0.053 15.8±4.8 10.1±2.0 5.7±3.4 2.494 0.028





The purpose of this study was to explore the relationship between scapular dyskinesis and 
ROTC Cadets scores for the three upper extremity components exercises of the ACFT (leg tuck, 
power throw, and T-pushups). The null hypothesis was that ROTC Cadets with scapular 
dyskinesis would have equal scores on the ACFT as ROTC Cadets without scapular dyskinesis. 
The alternative hypothesis was that ROTC Cadets with scapular dyskinesis would score lower on 
the standing power throw, two minutes T-pushups, and the hanging leg tucks. The alternative 
hypothesis was not statistically supported; however, the data does show a trend towards 
supporting the hypothesis. The ROTC Cadets who tested positive for scapular dyskinesis after 
the fatigue protocol showed lower scores on the three components of the ACFT. 
 The prevalence of scapular dyskinesis in both shoulders prior to the fatigue protocol was 
2/14 (14%). After the fatiguing protocol, there was an increase in the prevalence of scapular 
dyskinesis on the right (7/14, 50%) and left (5/14, 36%) sides. Overall, there were 5/14 (36%) on 
the right side, and on the left, there were 3/14 (21%) Cadets whose scapular control changed 
from pre to post fatigue (Figure 3). The current study results are like the results of Andres et al13 
and Maor et al66. Andres et al13 measured scapular dyskinesis in ROTC Cadets in a pre-fatigue 
and a post-fatigue state. The study results found that prior to the fatiguing protocol, the 
prevalence of scapular dyskinesis on both sides was 3/30 (10%). After the fatiguing protocol, 
there was an increase in the prevalence from 6/30 (20%) and 8/30 (27%) on the right and left 
sides, respectively. The results from the current study and Andres et al.13 show similar increases 
in scapular dyskinesis in ROTC Cadets following a fatiguing protocol. Maor et al66 measured 
scapular dyskinesis in young competitive swimmers before, at the midpoint, and the end of a 
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training session. They found that prior to the training session, 6/20 (30%) of the swimmers had 
scapular dyskinesis, at the midpoint—after an hour—there were 14/20 (70%) and 1.5 hours after 
practice, there were 17/20 (85%). Maor et al66 did not report if the participants displayed side 
differences in scapular dyskinesis. The results from the current study and Maor et al66 both show 
an increase in the prevalence of scapular dyskinesis following a training or a fatiguing protocol. 
The prevalence reported by Maor et al66 is greater than that of the both the current study and 
Andres et al13. This could be because the prevalence of scapular dyskinesis will be higher in 
those athletes who constantly perform overhead motions, such as swimmers, whereas Army 
ROTC Cadets perform less consistent overhead motions. The current study results and both 
Andres et al13 and Maor et al66 show that muscle fatigue can induce scapular dyskinesis.  
The prevalence of scapular dyskinesis before the fatiguing protocol differs from the 
reported results from McClure et al42. The McClure et al42 study utilized the scapular dyskinesis 
test during a non-fatigued state in healthy overhead athletes. They found that the prevalence rate 
was 37/142 (26%) on the right side, and on the left side, it was 52/142 (36%). These prevalence 
rate results of scapular dyskinesis in a non-fatigued state are higher than those in the current 
study, which could be because McClure et al42 utilized participants that are overhead athletes. 
Prevalence of scapular dyskinesis in overhead athletes could be higher due to the consistent 
utilization of their shoulder and scapula to perform their activity. While Army ROTC Cadets do 
utilize repetitive overhead motions, they are more full-body movement focused especially with 
new fitness test, meaning they are not consistently utilizing their upper extremity to the same 
degree of overhead athletes.   
Participants graded as having normal right side scapular kinematics post-fatigue protocol 
had a mean ACFT score of around 465 and 461 on the left side. Cadets graded with scapular 
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dyskinesis post fatigue had a mean score of 398 and 388 on the right and left respectively (Figure 
4). Regarding the mean total scores from the upper extremity test components (UE, standing 
power throw, T-pushups, and hanging leg tucks), Cadets graded as normal scapular kinematics, 
with a mean UE score 237 on the right and 235 on the left side.  Cadets with scapular dyskinesis 
had a mean score of around 191 and 183 on the right and left, respectively. While these results 
are not statistically significant, they show a trend that the Cadets who have scapular dyskinesis 
have lower scores on the ACFT especially on the UE components. One reason it did not show 
statistical significance was the small sample size in the study, which became smaller when out of 
the 14 participants, only 11 were able to complete the ACFT. This was due in part because only 
the upper-level Cadets were able to take the ACFT during the school year. No other studies have 
been done that have looked at the effects of shoulder/scapular kinematics on the Army’s new 
fitness test. So, no current comparison can be made from this current study to other studies. With 
the ACFT still being a new test, the Army is constantly looking at it to improve. Recently, due to 
high fail rates on the hanging leg tuck, the Army has made some changes starting April 1st, 2021, 
to the test. One of the main changes is that service members can attempt one leg tuck or hold at 
least a 2:09 minute plank to pass the test. Other changes, such as the scoring criteria/standards, 
are being changed to reduce the number of service members failing, but this does not address 
why they are failing. As the Army continues to implement the ACFT and more research on the 
fitness test is completed, more changes could be expected to be made. 
Measurements recorded before and following the fatiguing protocol showed that 
participants graded with scapular dyskinesis had a significant decrease in muscle strength 
compared to the participants graded with normal scapular kinematics on the left side (Figure 5B). 
Significant differences were found in all muscle testing besides the middle trapezius in the pre-
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fatigue state and found in all muscle strength testing in the post-fatigue state. No significant 
differences were found on the right side (Figure 5A). Andres et al.13, found significant strength 
differences in participants with right side scapular dyskinesis in serratus anterior, lower 
trapezius, middle trapezius, external rotation, and internal rotation strength in a pre-fatigued 
state. However, they found no significant strength differences on the left side strength. While the 
strength differences were reported on opposing sides, both the results from Andres et al.13  and 
the current study help support a theory that the development of scapular dyskinesis may not 
always be related to a decrease in muscle strength but may be connected to the strength of the 
musculature before fatigue. Deering et al.67 found that stronger musculature is more resistant to 
weakening when performing a fatiguing exercise. Andres et al.13  also found significant strength 
differences in external rotation and abduction strength in a post-fatigued state. But, once again, 
they found no significant strength differences on the left side. Both studies show that scapular 
dyskinesis can be developed following a fatiguing protocol that causes a decrease in muscle 
strength. When the scapula and shoulder musculature strength begin to decrease, the ability of 
the musculature to maintain normal scapular kinematics begins to weaken as well. By improving 
the shoulder and scapular musculature strength, Cadets will have to maintain normal scapular 
kinematics prior to and during fatigue. 
The current study results show that the participants who were graded as having normal 
scapular kinematics in a fatigued state were more often male. In contrast, the participants who 
were graded as having scapular dyskinesis in a fatigued state were more often females (Figure 2). 
A study by Nagamattsu et al.68 found that there were sex differences in the scapular motion in 
arm elevation. In males, they found a significant increase in upward scapular rotation, and in 
females, they found a significant increase in the internal rotation angle. Both the findings from 
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the current study and Nagamattsu et al.68  support the need to evaluate shoulders—especially 
while utilizing the scapular dyskinesis test—with an understanding of how sex differences can 
impact scapular movement. 
All the participants in this study, regardless of whether they had scapular dyskinesis or 
did not, had high PENN scores and low QDASH scores (Figure 2), meaning they all had great 
shoulder function with no shoulder disabilities. The results of the current study are similar to 
those reported by Christiansen et al.69 who utilized the Oxford Shoulder Scores (OSS) and the 
general health status index (EQ-5D-5L) to measure the quality of life in those with and without 
scapular dyskinesis. They reported no statistical difference in either questionnaire between the 
participants with scapular dyskinesis or those without. The results of the current study contrast a 
little with Andres et al.13   who reported that the participants graded with scapular dyskinesis 
following the fatiguing protocol reported higher QDASH scores and lower PENN scores than 
those graded with normal scapular kinematics. However, while the results from the study were 
statistically significant, they were less than the minimum detectable change. Also, all the 
participants involved in the Andres study were all highly functioning, which is like those in the 
current study. Overall, results from the current study support the trend that reduced scapular 
control may explain the lower ACFT scores, possibly ruling out shoulder dysfunction in those 
with scapular dyskinesis as the cause. 
 During the study, other compensatory movement patterns of the trunk occurred in the 
participants, with and without scapular dyskinesis. The main compensatory movement observed 
was an excessive back extension, especially when nearing the end of the 30 repetitions. 
However, no data was reported about these compensatory movements and how they connect to 
either muscle fatigue, scapular dyskinesis, and the Cadets ACFT score. While the current study 
49 
 
cannot report on the impact of compensatory movement and posture changes, other studies have 
investigated the effects of posture on shoulder and scapular function.70,71 Kebaetse et al.70 
examined the effects of thoracic position on shoulder ROM, strength, and scapular kinematics. 
They found in the seated slouched posture, the scapula was more elevated between 0-90° of arm 
abduction. Between 90-180° the scapula decreased posterior tilting compared to those in the 
seated erect position. It was also found that there was less shoulder abduction ROM in the 
slouched posture. Muscle force was decreased in the slouched posture with the arm in 90° of 
abduction. Thoracic posture negatively impacts scapular kinematics and muscle force. Thigpen 
et al.71 examined the effects of head and shoulder posture on scapular kinematics and muscle 
activity in overhead tasks. They found that those participants who had forward head and rounded 
shoulder posture (FHRSP) had reported significantly greater scapular internal rotation and less 
serratus anterior activity in both flexion and reaching task. Thigpen et al.71 also reported greater 
scapular upward rotation and anterior tilting during the flexion task than those with normal 
posture. These results help to support the theory that a forward head and shoulders posture can 
cause alterations to scapular kinematics. Both these studies show that posture plays an important 
role on scapular kinematics and muscle activity/strength. 
 The US Army spends over $200 million a year on musculoskeletal injuries, with nearly 
$9 million being spent on just shoulder injuries.9 Nye et al.72 reported that the direct cost of 
treating any shoulder dysfunction in the US military over two years was approximately 
$4,711,845.00, and the indirect costs—medical holds, discharges, etc.— of treatment is 
approximately $18,353,146.00. Overall, non-combat injuries are the leading threat to a soldier’s 
health and combat readiness, with many of these types of injuries occurring from physical 
training sessions. Bullock et al.11 reported that physical training was the most severe health 
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problem in the US Army due to the number of injuries sustained. This was before the 
introduction of the ACFT, which is a more functional full-body test. However, Bullock et al.11  
also reported that physical training sessions are where the greatest possibility for preventive 
measures are to work. Screening service members for scapular dyskinesis could help reduce the 
number of medically non-deployable soldiers by identifying individuals at risk of shoulder 
dysfunction or injuries. Identifying soldiers at greater risk of shoulder injury will help healthcare 
providers effectively implement training and rehabilitation programs to increase soldiers’ ACFT 
scores. Improving shoulder/scapular function could potentially save the US government money 
on the direct and indirect costs of treating any shoulder dysfunctions.  
Limitations  
There were several limitations of the current study. One of the main limitations was the 
small sample size. Because not every participant performed the ACFT, the overall participant 
number decreased, which made it difficult to achieve statistical significance. The current study 
also only included one University ROTC program, which contributed to the small sample size. 
Only looking at one ROTC program increases the difficulty of accurately describing scapular 
dyskinesis on ACFT scores for all ROTC Cadets across the nation. Also, each ROTC Cadet in 
the study had differing body types, which could cause an error with the visual analysis of 
scapular dyskinesis. Another limitation of this study was the fact that the ACFT is still a new and 
developing test. During the study, the Army had put the full implementation of the ACFT on 
hold and was even in talks to make changes to the testing and scoring standards. After the study 
was finished, the Army did make changes to the test to help maintain their numbers in both 
current service members and recruits. Since this study was done during the COVID-19 
pandemic, it was difficult to get participants into the lab and get ACFT testing completed due to 
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the University closing, ROTC members having to quarantine throughout the semester, and other 
COVID restrictions/requirements.  
Recommendations for Further Research  
 Future research should focus on recruiting more participants and ROTC programs 
involved in the study. Including more ROTC programs and participants may provide a clearer 
picture of the effects of scapular dyskinesis on ACFT scores, especially on the upper extremity 
components on all ROTC Cadets across the nation. Future research should also focus on 
examining how/where Cadets fail on the leg tuck: are they failing more due to weakness, 
dysfunction, or instability of the shoulder or the trunk/core? This information would allow 
researchers and the Army to understand why service members have difficulty successfully 
performing this specific test and help provide solutions to help fix those underlying issues. 
Future research should also focus on other compensatory movement patterns that participants 
perform during fatigue that does not fit into the current definition of scapular dyskinesis. 
Improved understanding of other compensatory motions will help provide a clearer picture of 
what movement patterns occur when Cadets start fatiguing their shoulders—allowing researchers 
to understand if these other compensatory movement patterns may cause any of the same 
dysfunctions associated with scapular dyskinesis. Additional research should focus on the effects 
of a scapular strengthening program on reducing scapular dyskinesis and improving ACFT 
scores. Some other future research should investigate the impact that sex has on developing 
scapular dyskinesis and its impact on the ACFT. This allows researchers to see if the reason 
females are struggling more with the ACFT than males is due to struggling more with scapular 
control or another unknown cause. Other research that should be done is looking at the effects of 
arm dominance on musculature strength and the development of scapular dyskinesis. This could 
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allow researchers to see if either the nondominant or dominant arm is more at risk for muscle 
fatigue leading to the development of scapular dyskinesis. 
Conclusion  
 While this study did not find a statistical significance, the Cadets who tested positive for 
scapular dyskinesis did show lower scores on the ACFT scores and the upper extremity 
components of the ACFT than Cadets with normal scapular kinematics. Increasing scapular and 
shoulder musculature strength and endurance could reduce the prevalence of scapular dyskinesis 
in ROTC Cadets.  Reducing the occurrence of scapular dyskinesis in the military population 
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